Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

Previous Work

Data Analysis
Method
Main Results

Discussion

1/16

Hard-to-Soft State Transitions in Bright
Neutron Star and Black Hole X-Ray
Binaries

Yan Zhen & Yu Wenfei

Shanghai Astronomical Observatory

April 27, 2008



Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

Previous Work

Data Analysis
Method
Main Results

Discussion

2/16

Outline

& Introduction
® Basics of State Transition

* Previous Work

# Data Analysis
* Method

e Main Results

# Discussion



Outline

Hard-to-Soft

State
Transitions in

Bright # Introduction

Neutron Star
and Black

Hole X-Ray ® Basics of State Transition

Binaries

Yan Zhen &
Yu Wenfei

Introduction
Basics of State
Transition
Previous Work

Data Analysis
Method
Main Results

Discussion

3/16



Black Hole Systems

Hard-to-Soft
State

Transitions in
Bright Very High Suie
Neutron Star
and Black
Hole X-Ray
Binaries

vanzhenz  ® Quiescent State

Yu Wenfei
Low/Hard State

Introduction Intermediate Staie =
Intermediate State
Previous Work
Data Analysis ngh/SOft State
Method
Main Results Very High State

Discussion

High State

Low State

Quiescent State

Esin et al. 1997

4/16



Neutron Star Systems of LMXBs

Hard-to-Soft
State
Transitions in
Bright
Neutron Star

and Black  Atoll Sources

Hole X-Ray
Binaries e Island State
Yan Zhen &
Yu Wenfei e Lower Banana
Introduction L Upper Ba nana

Transition Z SOU rces

Previous Work

fi:tah Ad"a'ysis e Horizontal Branch
etho
Main Results ° Normal B ra nCh Luminosity / Eddington
Discussion
» Flaring Branch

Figure is from Migliari & Fender (2006)

5/16



State Transition
State transition of Cygnus X-1

Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction Zhang et al'

Transition (1 997)

Previous Work

Data Analysis
Method
Main Results

Discussion

10150

Truncated Julian Date { 0000.5)

6/16



Outline

Hard-to-Soft

State
Transitions in

Bright # Introduction

Neutron Star
and Black
Hole X-Ray

Binaries

Yan Zhen & .
0 a2 » Previous Work

Introduction

Basics of State
Transition

Data Analysis

Method
Main Results

Discussion

7/16



Hard-to-Soft State Transition in SXTs

Hard-to-Soft

State . . .
Transitions in The outburst rise of these outbursts was associated with the
Bright g
Neutron Star hard-to-soft state transition.
and Black
Hole X-Ray
Binaries

' 1999 {Aql X=14,]. 2000
Yan Zhen & o 2-12KeV) ! M &
Yu Wenfei XTE (15-30keV)

st

Introduction

Basics of State
Transition

_Previous Work |

Data Analysis
Method
Main Results

2
2
=
=
=
E]
3
5]

Discussion

220 230 240 250 720 740 760 780
Day (JD-2451088) Day (JD-2451088)

Yu et al. (2003)

8/16



Hard-to-Soft State Transition in SXTs

HardtoSoft —In both neutron star and black hole systems, an apparent hard
T'a’gji‘g“;";s i flare will be observed if there is an initial low/hard state

Neutron Star associated with a state transition occurring in the outburst rise.
Hole X-Ray
Binaries

Yan Zhen &

Yu Wenfei Outburst

ira

1999 | Aql X=1 PCLL
7w dlln

Introduction

Basics of State
Transition

_Previous Work _| T
3
Data Analysis g
Method E
Main Results S

Discussion

720 740 760 780
Day (JD-2451088)

Yu et al. (2003)

8/16



E Near Linear Correlation

Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

Previous Work

Data Analysis
Method
Main Results

Discussion

Count Rate (c/s)

AU 170544

P o- ASM (2-12 ke¥)
| o~ HEXTE (15-250 keV)

Day (JD-2450088)

)
50 keV)

Cases with Hard—to-Soft State Transitions

w
S
15-2

XTE J1550-564

w
5
HEXTE (

AU 1705-44

1300

Aql X-1 1999
@ = ASM (2-12keV)
® — HEXTE (15-30keV)

)
w
5

%
H
g
3
3
E]
3
@
a
-
]
§
&
3
]
3
g

1)
&

o

IS
—

1 0
2-200 keV Peak LH State Luminosity (107 ergs/s)

Yu et al. (2003), Yu et al. (2004)

220 230 240 250
Day (JD—2451088)

720 740 760 780
Day (JD-2451088)




Outline

Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

# Data Analysis
Previous Work

Data Analysis

* Method

Main Results

Discussion

10/16



ASM and BAT

Hard-to-Soft

State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Swift/Burst Alert Telescope (BAT, 15-50 keV)

Rossi X-Ray Timing Explorer(RXTE)/All Sky Monitor
(ASM, 2-12 keV)

Yan Zhen &
Yu Wenfei

Introduction

E—— ® ASM and BAT both can provide nearly on a daily basis
S monitoring of the X-ray sky

* The overlap time of them is about from February 12, 2005
Main Results (MJD 53413) to February 8, 2008 (MJD 54504)

Discussion

11/16



Hard-to-Soft
State
Transitions in 4U 1608-52
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

=

ASM (Crab)
o o o o

Yan Zhen & - “ . y ‘w‘ . “ “ ‘
Yu Wenfei oy . \ bt

Introduction

MW o»
I

Basics of State
Transition

| T
Previous Work b U W“' ‘ S ‘h‘w'w“‘ 4

0.
)
S 0.
Q
= O.
@

0.

Data Analysis

Main Results

H\M‘M - q‘ﬁ w\m

Discussion 1E H\‘“"‘\Iﬂm ‘ 'uu‘d Soft State.
|

200 600
Day (MJD-53400)




Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

ASM (Crab)

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

Previous Work

BAT (Crab)

by, . N ™ g™

4\“\4-&‘@\@% I H‘L.‘M-M

Data Analysis

Main Results

Soft State ' i i

Discussion

Day (MJD-53400)




Outline

Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

# Data Analysis
Previous Work

Data Analysis
Method

Main Results

Discussion

* Main Results

13/16



Correlation Between Luminosity of
Hard-to-Soft State Transition and Peak
= Luminosity of Following Soft State

Hard-to-Soft
State

Transitions in 1A 1742294
3 250918549

Bright 40 0614-+091
Neutron Star 4U 1323-62
4U 1608-52

and Black U 1636.536
Hole X-Ray 4U 1702-429
P AU 1705-44
Binaries 43 ,;022_34
4U 1745-203
4U 1820-30

| XA

Yan Zhen &

Yu Wenfei EXO 0748-676
HETE J1800.1-2455
GRO J1655-40
GRS 1915+105

GX 3394

XTE J1856+053
Cyg X1

Introduction

Basics of State
Transition

Previous Work

Data Analysis
Method
Main Results

=
©
£
o
-
4
g
©
[
x
=
i
=
@
<

Discussion

]

0.10
BAT Flux (Crab, 15-50 keV)




Correlation Between Luminosity of
Hard-to-Soft State Transition and Peak
= Luminosity of Following Soft State

Hard-to-Soft
State
Transitions in 1A 1742-294

Bright S
Neutron Star
and Black
Hole X-Ray
Binaries

4U 1702429
4U 170544

4U 1728-34

4U 1745203
40 1820-30

Aql X-1

EXO 0748-676
HETE J1900.1-2455
GRO J1655-40
GRS 19154105
GX 3384

Yan Zhen &
Yu Wenfei

Introduction

Cyg X1
Basics of State Ve

Transition
Previous Work

et

=

Data Analysis
Method

- —
Main Results * —_—

Discussion

3
=
o
Y
3
3
2
=
W
£
(2]
5
2
@
[=}
£
E
=
-l
3
4

0.001 0.010 0.100 1.000
Hard-to-Soft State Transtition Luminosity (L/L,, 15-50 keV)




Hard-to-Soft
State
Transitions in
Bright
Neutron Star
and Black
Hole X-Ray
Binaries

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

Previous Work

Data Analysis

Method
Main Results

Discussion

Correlation Between Luminosity of
Hard-to-Soft State Transition and Peak
= Luminosity of Following Soft State

_
>
Q

X

3V

v

(aY]

o
=
D
=

(0]

N~

o
<

o

-

Z
>

=

[
]
£
IS
3
-

10000.00

1000.00

100.00

10.00

1.00

0.10

VAR <t®> o

e
cccccccccm>

>0

XD

ZZ5EO000ME,

NI

Woyr=yi

L0
Rl I OGTODRG
J“uu(?n’!??
+0

W ¢ =

Kubota, A. et al. (2001)
Feng, H & Kaaret, P. (2006)

0.10

1.00 10.00 100.00 1000.00 10000.00
Luminosity (10~ 37 erg/s, 15-50Kev)




Correlation Between Luminosity of
Hard-to-Soft State Transition and Peak
= Luminosity of Following Soft State

Hard-to-Soft
State

Transitions in 1A 1742294
. K 25 0918-549
Bright 4U 0614+091

Neutron Star
and Black AU 1636-536
Hole X-Ray 4U 1702-429
R 4U 1705-44
Binaries 4U 1728-34
4U 1745-203
4U 1820-30
Agl X1
EXO 0748-676
HETE J1900.1-2455
GRO J1655-40
GRS 1915+105
GX 3394
Cyg X1

Yan Zhen &
Yu Wenfei

Introduction

Basics of State
Transition

Previous Work

Data Analysis
Method
Main Results

3
g
™
P
3
=
=
2z
@
=3
£
E
E
-
S
g
X
=
<}
@

—

Discussion

0.010 0.100
Hard X-ray Luminosity (L/L,,, 15-50 keV)




Discussion

Hard-to-Soft

State
Transitions in

Bright e The luminosity corresponding to the hard-to-soft state

Neutron Star

and ')?'('_"‘;:y transition varies by almost two orders of magnitude, the

Binaries scale of which correlates with the soft X-ray outburst

Yan Zhen & 1
(an Zhen & amplitude.

Introduction

Basics of State
Transition

Previous Work

Data Analysis
Method
Main Results

Discussion

15/16



Discussion

Hard-to-Soft
State
Transitions in

Neutran Star ® The luminosity corresponding to the hard-to-soft state
e Xy transition varies by almost two orders of magnitude, the
Binaries scale of which correlates with the soft X-ray outburst
Yan Zhen & .
Yu Wenfei amplltUde-
Introduction ) .
Trorciton " » Both transient sources and persistent sources meet the
Previous Work same linear correlation including Cygnus X-1.

Data Analysis
Method
Main Results

Discussion

15/16



Discussion

Hard-to-Soft
State
Transitions in

Neutran Star ® The luminosity corresponding to the hard-to-soft state
e Xy transition varies by almost two orders of magnitude, the
Binaries scale of which correlates with the soft X-ray outburst
Yan Zhen & .
Yu Wenfei amplltUde-
Introduction ) .
Trorciton " » Both transient sources and persistent sources meet the
Previous Work same linear correlation including Cygnus X-1.

Data Analysis
Method
Main Results

e This correlation suggests that the accretion flow that
powers hard state is somehow related to the accretion flow

that powers soft state

15/16



	Introduction
	Basics of State Transition
	Previous Work

	Data Analysis
	Method
	Main Results

	Discussion

